From September to November during the years between 2004 and 2006, 78 honey samples were collected from ten areas of the Muğla city in western Turkey, Merkez, Milas, Ortaca, Köyceğiz, Marmaris, Fethiye, Yatağan, Bodrum, Ula and Datça where pine honey beekeeping is practiced extensively. Using light microscopy the Number of Honeydew Elements (NHE) and the Number of Total Pollen (NTP) were determined and samples with an NHE / NTP ratio above 4.5 were accepted as high density, superior quality pine honeydew honey. Of the 78, honeys collected, 50 were found to be pine honeydew honeys and were analysed for total phenolic and total favonoids. The mean total phenolic acids of the 50 pine honeys were found to be 155.55 mg GAE/kg, with a minimum of 35.36 mg GAE/kg, and a maximum of 365.94, while the mean total flavonoid content was found to be 22.80 mg QE/kg, with a minimum of 4.80 mg QE/ kg, and a maximum of 54.78 mg QE/kg.
Introduction
Honeydew honey is prepared from secretions of living parts of plants or excretions of plant-sucking insects on the living part of plants (Sanz et al., 2005) . Honeydew is the origin of pine honey, it refers to honey produced by honeybees collecting nectars which are exuded from other insects such as aphids or scale insects (Zander and Koch, 1994) . Insects take essential nutrition from concentrated sugar solution in the phloem and exude the remains. Honeybees collect these exudates and turn them into honey in the hive. This honey is called honeydew honey (Zander and Koch, 1994) .
In Turkey Marchalina hellenica (syn. Monophlebus hellenicus) (Coccidea: Homoptera), which lives on Pinus brutia, is the main source of honeydew. This insect is found only in Turkey and Greece (Santas, 1979) mainly in Southern Marmara, the Aegean and West Mediterranean regions of Turkey (Gurkan, 1989) . In Turkey, about 30% of honey is produced in the region of Mugla which is characterized by having nearly 60 000 hectare of Pinus brutia forest, hence it is a important city for the production of pine honey produced from honey dew of Marchalina hellenica (Sahin,2000) . Besides Pinus brutia, Eucalyptus camaldulensis Dehnh., Liquidambar orientalis Miller, Pinus pinea L., Ceratonia siliqua L., Thymus L. and other floral plants are the important honey origins in Muğla (Şahin, 2000) .
Antioxidant activity is the ability and potential of honey in reducing oxidative reactions within food systems. Notably, these oxidative reactions can cause deleterious reactions in food products (e.g. lipid oxidation in meat, and enzymic browning in fruits and vegetables) and adverse human health effects, such as chronic diseases and cancers (Gheldof and Engeseth, 2002) . The antioxidants that naturally occur in honey contribute to its antioxidant capacity (Nicholls and Miraglio, 2003) . These compounds are polyphenols (flavonoids and phenolic acids), some enzymes (e.g. glucose oxidase, catalase), ascorbic acid, carotenoid-like substances, organic acids, proteins and amino acids (Gheldof et al., 2002) . Honey contains at least four broad groups of components with antioxidant activity, which are polyphenols or phenolic compounds (flavonoids and phenolic acids), enzymes (e.g. glucose oxidase, catalase), enzymes, ascorbic acid, and peptides (Gheldof et al., 2002; Nicholls and Miraglio, 2003) . In our study we have determined the polyphenols in pine honey samples.
Plant polyphenols are primary natural antioxidants. They have many beneficial functions such as reducing agents (free radical terminators), metal chelators, and singlet oxygen quenchers (Kühnau, 1976; Shahidi et al., 1992; Duthie et al., 2000) . Flavonoids and simple phenolic derivatives such as phenolic acids are among the most common classes representing the majority of plant polyphenols (Bravo, 1998) . Both of them have been considered as important components generating antioxidant properties in honey.
Flavonoids are low molecular weight phenolic compounds based on the flavan nucleus (Coultate, 1996) , and specified by the presence of a C 6 -C 3 -C 6 carbon skeleton (Peterson and Dwyer, 1998; Skibola and Smith, 2000) . They can be classified into 13 different major classes depending on their basic structures. Flavones, flavonols, and glycosides are among the most common classes (Bravo, 1998) .
In monofloral honeys, flavonoids are often found as major components, which are up to 42% of total phenolics (Sabatier et al., 1992) . However, flavonoids profiles in honeys generally vary widely and they are mainly different according to floral and geographical origins (Soler et al., 1995) .
Phenolic acids (aromatic carbonic acids) are a subclass of the most numerous and ubiquitous groups of secondary plant metabolites referred to as "phenolics" (Anklam, 1998; Bravo, 1998; Robbins, 2003) .
Their chemical structure is simple C 6 -C 1 . But they are associated with a distinct group of organic acids having three distinguishing constitutive carbon frameworks, which are the hydroxycinnamic, hydroxybenzoic structure, and in many cases also an aldehyde analogue. Variations among their structures are due to differences in the numbers and position of the hydroxyl groups on the aromatic ring (Robbins, 2003) .
Honey phenolics may be classified into three groups. Two of them, which are benzoic acids and their esters, cinnamic acids and their esters, are phenolic acids (Sabatier et al., 1992) . It has been reported that benzoic acids and their esters are the most common phenolic acids found in honey (Sabatier et al., 1992) .
Within honey, phenolic acids are not only present but may also define certain types of honey. Honeydew, chesnut, and forest blossom honey can be differentiated by a careful evaluation of the distribution pattern of phenolic acids (Anklam, 1998) .
Materials and methods

Collection of Honey Samples
From September to November in the years between 2004 and 2006 a total of 78 honey samples were collected from ten areas of the Muğla city in western Turkey; Merkez (4), Milas (8), Ortaca (3), Köyceğiz (7), Marmaris (12), Fethiye (13), Yatağan (11), Bodrum (1), Ula (9) and Datça (10) where pine honey beekeeping is practiced extensively.
In this study, suitable apiaries were chosen from villages. Muğla has 12851 km 2 acreage. It was important to assure the presence of enough distance between villages and the presence of enough variation in vegetation which characterized Muğla.
Microscopic Analysis of Honeys
All honey samples were examined under the light microscope (Nikon Eclipse E400), and methods described by Moar (1985) and Sorkun (2008) were followed. The Number of Honeydew Element (NHE) and the Number of Total Pollen (NTP) in these samples were investigated and the quality of the samples was determined on the basis of the NHE/NTP ratio. Each honey sample having a NHE/NTP ratio higher than 4.5 was accepted as a high density superior quality pine honeydew honey (Table 1) .
Following microscopic examinations, 50 honey samples were determined as pine honey samples and found to be appropriate for Total Phenolic and Total Flavonoid analysis.
Total Phenolic Acid Analysis
The total phenolic content of honey samples was determined by the Folin-Ciocalteu method (Hoerudin, 2004) .
a) Preparation of Standards
To calculate the total phenolic content, which was expressed as gallic acid equivalent (GAE), a standard curve of known concentrations of gallic acid was constructed. To generate the standard curve, 1 mL of each of the standard solutions was pipetted into a seperate test tube. Then 5 mL of a 10% aqueous dilution of Folin-Ciocalteu reagent was added and mixed well using a vortex mixer for about 1 min. After 3-8 minutes, 4 mL of a 75 g/L anhydrous Na 2 CO3 solution was added.
The mixture was mixed thoroughly for another 1 min and incubated in water bath at 45°C for 15 min.
b) Preparation of Samples
Five grams from each honey sample were dissolved in 50 mL of 70% methanol. One mL from each methanolic honey solution was transfered to a test tube. It was then treated and measured by the procedure used for constructing the standard curve.
A sample blank was prepared for each honey sample by pipetting 20 mL of the honey extract into a 100 mL glass beaker and adjusting its pH value to 3.5 by adding of 20% acetic acid. After the addition of 1.6 g of polyvinylpolypyrrolidone (PVPP), the honey extract was shaken gently using a mechanical shaker (IKA 
Total Flavonoid Analysis
The total flavonoid content of honeys was estimated by aluminium chloride (AlCl 3 ) colorimetric method (Hoerudin, 2004) .
a) Preparation of Standards
To quantify the total flavonoid content, quercetin was used as the reference, which was expressed as quercetin equivalent (QE). 
Results
Following the microscopic analysis of 78 honey samples (Table 2), 50 honey samples were determined as high density superior quality pine honey and selected for total phenolic acid and flavonoid analysis. Using the standard curve generated by quercetin (R 2 = 0.9999), the total flavonoid content of honey samples (mg of QE/kg of honey) was found in this study to vary from 4.80 to 54.78 mg with a mean value of 22.80 mg. It has been reported that in
Results in
Australian unifloral honeys total flavonoid content ranged from 8.81
to 45.04 mg QE/kg (Hoerudin, 2004) . Meda et al., (2005) determined lower ranges of total flavonoid content (mg of QE/100 g of honey) that varied from 0.17 to 8.35 mg and with a mean of 2.57 ± 2.09 mg. Moreover, low correlation was determined (R = -0.38) between total phenolic and total flavonoid content of the samples examined in this study. This is consistent with results by Meda et al., 
